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Outline

A bit of jet phenomenology
e Apparatus

e Results from HERA

— Jet Production in Neutral Current
Deep Inelastic Scattering

* Inclusive Jet Production
* Multijets

— Jet Production igp

e Results from the Tevatron
— Inclusive Jet and Dijet Productior
— Beauty
e bb Production, Z- bb, y+b
— Prompty Production

* Inclusivey, y+Jetsy y
— W+Jets and Z+Jets "Particles, particles, particles."”
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Jet Production Measurements

Hadronic shower

T

EM showers Unfold measurements to hadron level
\\ oy % Correct for efficiency, smearing

Correct theory (pQCD) for
— Q ~Aoco non-perturbative effects

& Underlying Event, Fragmentation

do,; =d®|M |2 Fier
Well defined jet algorithm required

& At calorimeter, hadron and parton levels
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Cone Jet Algorithms and pQCD

e [terative cone algorithms

— Staring from seeds, iteratively cluster particles
In cones of radius B,z and look for stable
cones (p-weighted centroid)

o Infrared and Collinear Safety

— Fixed order pQCD contains not fully cancelled
Infrared divergences

---------

''''''''
R .,
.

.
« .
N s

---------------

* Inclusive jet cross section affected at NNLO T I
— Tevatron Run Il Cone Algorithm: Midpoint N
: : : : below threshold above threshold
» Uses midpoints between pairs of proto-jets as (no jets) (1 jet)

additional seeds- Infrared and collinear safety restored
* Merging/Splitting

— Emulated in NLO pQCD calculation by merging 2 pasto
only if they are within R’ = R,\g % Rggp Of €ach other

* Arbitrary parameter B prescription R..= 1.3
(based on parton level approximate arguments)
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K+ Algorithm

* Inclusive k- algorithm
— Merging pairs of nearby particles(a)

In order of increasing relative-p 4/<i Beam
| AR? *
. dij =min (pi, ,p-zr,j F
* g :pi,i

— D parameter controls merging

termination and characterizes ~ (¢) / (d) /
size of resulting jets — Beam _ 5
« p; classification inspired jet ' jet \
by pQCD gluon emissions

— Infrared and Collinear safe jet jet
to all orders in pQCD (e) / (f) /
— No merging/splitting — Beam — Beam——

* No Rypissue comparing to pQCD Jet Jet \
% jet
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HERA - ZEUS and H:

e (Ee = 27.5 GeV) ) p (Ep = 920 GeV)
p <
/ Vs =318 GeV

* High Energy Running
(Vs = 300 - 320 GeV)
— Ended on March 20 2007
— HERA delivered 758 pb p A e )

all zueel fHEEA-E} Elﬂkh\:lnﬂr}.l' Fositonen
_ -8l Hatrons [ Fositrons

— H1 physics luminosity ~ 478 pb ) | Cn P

=-ll— Froore
Protors

Halle OST (H EFII.I'I

HefR EAST (HERVES)
Hall est (HERMES)

Synchmotranstahlung

— ZEUS physics luminosity ~ 504 b sons S g

* Ongoing Low Energy Running
— E,= 460 GeVys = 225 GeV N gl
— Measurement on F - i
e End of HERA: July 2, 2007 L =
— HERA Fest: June Z8and 29, 2007
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Neutral Current Deep Inelastic Scattering

e (k) /e' (k")
==
L'L'LL? (k-K)
s

Q? ~ 24000 GeV¥

X~ 0.5 scattered
positron

jet

“T24

azimuth =" st ?I;;

ETA PHI T =V UceL transverse energy

Q? = - (k — k")?: resolution power
of the photon

X@j) = Q2/ (2 pLY) : Bjorken |
scaling variable (momentum fraction
In Quark-Parton Model events)

[y = @/ (Xg S) : inelasticity variable

5 i
;:‘:1(}5
T
oy [, [ =i
10 [ zeus
- [ Fixed Target Experiments:
i + CCFE, NMC, BCDMS,
103k R, ,
- E665, SLAC
R
10 “
10 E
1 F
Al /
10 E /
EI'IIIIII ﬁI 11 I I -ll IIIIII 3 | | 1 I
10 10 10 10 10 10 1
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Jet Production in Neutral Current DIS

9

€

Diagrams —e-—/ —e'—/ —e-—/ u

up to OQ) e }—»q e LHH
q gx) “
N

Quark-Parton Model Boson-Gluon Fusion QCD Compton

=l
-2
e
N
o
e

do jet = Z /d;r: fﬂ:(maﬂ*%) d&m(maas(ﬂﬂ)aﬂzﬂaﬂi)

a=—q,q.,g9

\ - o S, —
.l

PDFs Hard Scatter

1

Long-distance structure of the target  Short-distance structure of the interaction
& Determined from experiment & Calculable in pQCD
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Breit Frame

- -

2x,, p+q=0

Ad
Y

.
\{‘JCD radiation

Current Region

Yy

Target Region
(Proton remnants)'

 Virtual boson collides head-on
with the proton

— Current region can be compared
to e'e experiments

— Current quark and proton
remnants clearly separated
* High-E; jet production
— Suppression of the Born (QPM)

contribution
(struck quark has zero E

— Suppression of the beam-remnant
jet(zero &)

— Lowest order non-trivial
contributions are Boson-Gluon
Fusion and QCD Compton

& Directly sensitive to hard
QCD processesif)
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Inclusive Jet Production in NC DIS

oL =65 pbl

— 150 < 3 < 15000 GeVY;

0.2<y<0.7

- 7<Eg*¥'<50GeV;

-1 <N ag”t'< 2.5

e Small experimental
uncertainties ~ 5%

e Parton-to-hadron

corrections ~ 10%
* Good description by

NLO QCD

—MUr =B, U= Q

— CTEQ6.5 PDFs
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Jet Radius

o =82 pb!

— > 125 GeV; |cosy| <0.65
- EgF'>8GeV; -2qgFE'<15

o 3 different radius-like parameter

of the k¢ algorithm

—R((=D)=0.5,0.7and 1.0
« Small theoretical and experimental

uncertainties

— Jet Energy Scale (1% for E'="> 10 GeV)
= ~ 5% on the cross sections
— Parton-to-hadron corrections < 10%

e Good description by NLO QCD
—HUgr = ErgF', H.=Q and ZEUS-S PDFs

Phys. Lett. B 649, 12 (2007)
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= e ZEUS82pb” ()3
- —— NLO ® hadr ® Z° 7

[ jetenergy scale uncertainty

Q> 125 GeV?
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Inclusive Jet Production in NC DIS anod

* Previous results used to extragt
— H1
—0g (M) =0.1179+ 0.0024 (exp.)
+0.0052/-0.0032 (th2 0.0030 (pdf)
» Using normalised inclusive jet cross
section @15/ Oycpis) €Xperimental
and PDF uncertainties are reduced
—0g (M) =0.1193+ 0.0014 (exp.)
+0.0046/-0.0032 (th2 0.0016 (pdf)
— ZEUS
—0g(M,) =0.1207+ 0.0014 (stat.)
+0.0035/-0.0033 (exp.) +0.0022/-0.0023 (th.)

= Precise determinations af (M)
— Consistent with world average

+ Demonstrations of the running @f

Régis Lefevre, Jet Physics - Physics In Collisionnéey, June 2007
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0.2

0.15 -
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Multijets at High G

* 0 from 3-jet / 2-jet ratio

® ZEUS 98-00 Dijet a)
© Partial cancellation of uncertalntleg o . Y ZEUS 98-00 Triet
‘ \ Energy Scale Uncertainty
(e.g. on gluon density) 2 e
1 e i N
® But less statistics g —
o s 10 _-u. .
2 M rs(My)) > 25 GeV M
e 10 NLD Of,2) @C 4 e
NLO :O{w3) ® C, — e
q o3 EZ 1116 < p2 / (@%+E2) < 1 B
a 9 15 - ® Dijet 5
125
P P o '
= 5 075 -
= 18 -
« ZEUS: L = 82 pH £
1.2
= Mysen Mgjer> 25 GeV e

—10<@<5000GeV;0.04<y<0.6 os
—-1<nae’t'<2.5

= Good description by NLO QCD
(CTEQ6 PDFs)
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+H1: L = 65 pbt

= Mysen Mgser> 25 GeV
—125<(@<15000 GeV¥;0.2<y<0.6 ,,
—E gt >5GeV ;-1 d,gF'<2.5

= Good description by NLO QCD

Multijets at High G

DIJETS

Data / Theory

- H1 Preliminary S2-00
-—- NLO{1+8 )

{-exchange only)
025 <y} /O <40

I Hadronisation Uncertainty

*
|

(CTEQ4A PDFs)
» 0.6
N% % . H1 I;_r.eltiminary 99-00
- ® Dijets
%10‘1 [ SRS Euj_
10 T —NLO(1+43,_) 2 TRIJETS
NCJ = > ‘ (y—excha;nge oznly) E -
S402 :_ S 0.25 <pr, / Q"< 4.0 8 1.4
g - :
B Breit > 5 G V - . 1.2_—
103 B et e D N -
E A <ni<2.5 i
100 My My, >25GeV N\ S i
= S 0.8
10-5 | I L | | I I R R R :

10°

4

e  H1 Preliminary 99-00
______ MLO (146, )

(y-exchangs only)

0.25 <2,/ Q" <4.0

- Hadronisation Uncertainty

1
Q? (GeV’)
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o from multijets

=i

0.1

o ZEUS dw 013 :
—ag (M) = 0.1179+ 0.0013 (stat.) S ; i 1;
+0.0028/-0.0046 (exp.) | ’
+0.0064/-0.0046 (th.) ©TE .. heoretical Unceriainty
008 - World average: 0.1182 + 0.0027 " — -
10 10° Q? (GeV?)
— 018
Em 0.17 . 21{hljr}eliminary 99-00
° 016~ e Tshecfretical Uncertainty
Averaged o(M;)
e H1 E:j . WorldgAuerage (PDG)

o, (Mz) =0.1187 £ 0.0020

—ag(M,) =0.1175¢ 0.0017 (stat.)
+ 0.0050 (exp.) +0.0054/-0.0068 (th °*

0.1
0.09
U.GB 1 1 | 1 1 11 1 | 1 | 1 1 1 11 1 |
10° q0t
Q" (GeV’)

Réqis Lefevre, Jet Physics - Physics In Collisionnégy, June 2007 15



Inclusive Jets iyp

—

* Photo-production: quasi real photon

=>
3 § H1data
— Scattered electron stays in beam pipe 8 —— NLO (14 §,,,,,)
e B, | e NLO '
Jet e w 10 & e LO
o tn, S GRV.CTEQSM
- ‘ "
> EEeT S @
obs — jets
e ZE}, 1 )
E incl. k, algor. (D=1) —
— v oton & ton 1 @*z1GeV?, 1225
: %‘emtnant Jet l }’Pllltllﬁll’[ Jet 10 E 95 =W, :1‘- 285 Ge‘:"
direct (x°Ps> 0.75) resolved (R°5< 0.75) |  [fomeodeon = = B
g 04 NLO(1+5, ) ... AFG,MRST99
— Resolvedyp similar to hadron-hadron L ol === SRVCTEQSM ---- e ]
T e o AFG,CTEQ5M -~ GRV,MRST9%9
— Largeao: access to highET 2 L s o
b'E D L .. -------- i AT E ............ %..,‘."::“;- ___________
] _ & giseass U SERTEen: EEREre ol RN =
¢ Hl data L — 24 p-b T =02 I H1 data H"““ﬂ‘{f’x 1
I P T T ST DT T B
- Q¥<1GeV; 95< W, <285 GeV 30 40 50 60 70
* W, = yp center of mass energy Sl
~-5<E¥<75GeV;-1N0ET<25 Eur. Phys. J. C29, 497 (2003)
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Inclusive Jets iyp andag

ZEUS data: L = 82 pb
— 142 < W, <293 GeV
—17<EE'<95GeV; -1 qET< 25

% \ ® ZEUS 98-00 |

< 2 ) a)
< 10 —_ NLOQCD

% -~ LO QCD

5 10 d<n<25

= 142 < W, <293 GeV

= [as(Mz) = 0.1224 £ 0.0001 (stat.)

o010 (exp-) Too0az (th)

= Consistent with NC DIS
(different process!)

— |

< 016 - g ZEUS 98-00 ] 2)

<) ¥ Bethke 2002 all Ek¢t
0.14 regions

| |
20 40 60

EX' (GeV)
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The Tevatron

* Proton-antiproton collisions

eVs =1.96 TeV

» 36 bunches: crossing time = 396 ns

© Delivered ~ 1.5 fb-1 since 06/2006

e Current extrapolation ~ 6 flby 2009

— 8 fib! still the goal

* Need increased antiproton staking rates

Collider Run Il Integrated Luminosity
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4500 _1
—_ i — l} 3000.00
"a 4000 I
a
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]
£ 30.00 |
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|
T 2500
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B o 1500.00
2
£ .
S 1500 i i 1000.00
-
$ 10.00
IJ 500.00
500 lLp
0.oo oo

5 20 35 50 65 80 85 110 125 140 155 170 185 200 215 230 245 260 275 290 305 320
Week #
(Week 1 starts 03/05/01)

| m Weekly Integrated Luminosity —e— Run Integrated Lurninosity|
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Run Integrated Luminosity (pb™')

Peak Luminosity
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CDF and D@ Detectors

 CDF and D@ operating well

— Recording physics quality data with
very high efficiency (80 to 85 %)

= Both experiments have
already collected ~ 2.5b
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Inclusive Jets @ Tevatron

e Legacy from Run |
— Great interest on apparent excess at high

— SM explanation
» Gluon PDF increased at high x

* Recent PDFs from global fit include CDF anc
DO jet data from Run | (CTEQ6, MRST2001)

Relative Difference Between Data and NLO QCD

=
=
&0 NLO QCD (JETRAD)
-
E1 Cone R=0.7, [n| < 0.5
10"
10° \I'
=1.96 TeV
10" : ©
10" X5@E00GeV
10° Vs =1.8 TeV
i
o 1 l
-F
10 w2 EA00GeW
1':".!‘ 1 | 1 | 1 ] 1 | 1 | 1
100 200 300 400 200 Go0
pr [GeV]

1

0.8

0.6 |

0.4

0.2 |

0

-0.2

—-0.6

—-0.8

—1 L
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~  CTEQ4M PDFs ;
CTEQ4HJ PDFs + |

BN SPUS i +#+

-+ Run| CDF Inclusive Jet Data
-~ (Statistical Errors Only) 1
- JetClu R w=0.7 0.1<}|<0.7 |

f H=M=E /2 R +=1.3 f

0 50 100 150 200 250 300 350 400 450 500

Jet Et (GeV)

o Stringent test of pQCD
— Over ~ 8 orders of magnitude

 Tail sensitive to New Physics
— Probing distances ~ £0m

— Production enhanced at high p
thanks to new's

* PDFs at high ®& high x
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Gluon PDFE g5 =" [ dx,dx,f, (x,, @)f, (x,Q%)5%"™"
at high x

2 ' . :
I T 1sf: CTEQG!1M uncertainty
1.6F: : :
1.4F _
1.2F; 5 5
> aE ; ; —_—

Quark/Gluon Contributions to Cross Sction D'E;_é : : 5
12 0.6f: : :

"~ Leading Order QCD (MRS0?) 0.4F § g
T 02-up quark at Q=500GeV

Ratio to CTEQS.1M

antiproton

n,=Nn 2=0
GG Gluon-Gluon Scattering

[h'l-1|||||||.||||:||||||||||||:|||||||||J|:1||

- QQ Quark-Quark scattering
08 — QG Quark-Gluon scattering

.0.%..02 .03 .04 05..06..07.08
; : : ity

e L \GG

04 —

Rafio to CTEQ6.AM

1]

e e b by b by by by T \
0 50 100 150 200 250 300 350 400 450 500 ﬂ .4

GeV :
Transverse Energy of the Jet ¢ 0:2

Iuoh at Q=5ODGE‘Q{’

ImportantGG andGQ contributions 30470203704 050607 08.

X
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Forward Jets

» Essentials to pin down PDFs I oocea e el <30
. s CDF/D@ Central Jets (In] <0.7
vs. eventual New Physics - O R
. . . 104 [] ZEUS96-97 & H194-97 pred
at higher @in central region
— DGLAP gives QG evolution <= F ] oo
O) i JINR-IHEP
* Expend x range toward low x 5 0 2nocsror

10 £ [[]]]] NmMc :
= N\ sLAC /

Tower E; > 0.5 GeV K, D=0.7: Raw P_JET I
150 o

1cl) ° 1cl>5 1cl) ¢

300 - ]

4 High-Xx Low-X
\ CDF R[TN II I 1
\/ /, . . Run 163064 Rutherford type |
L Event 6753986 parton backscattering
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Inclusive Jet Production with k

* 5 rapidity ranges E‘"m
—Upto NE-I] =21 % 10’
-D=0.7 S
0 10

L =1fb? =
» Good description g%,__ 10
by NLO QCD = 107

ﬁ

— Experimental uncertainties g, s

dominated by Jet Energy =
Scale (2 to 3%) “o 10°
— Theoretical uncertainties e
dominated by PDF 10
(gluon at high x) 10

Phys. Rev. D 75, 092006 (2007)
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1.6<|y’" |<2.1 (x 10F)

KT D=0.7
—=— CDFdata(L=1.0fb")

Systematic uncertainties
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o —
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— . : {
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——
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8 JET
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Underlying Event & Hadronization correction

Calorimeter

'.ICZ_

level

Hadron level

Parton leve

- 0.1<|y’™"|<0.7

JET

1 P L PR
200 400 600

L JET
= Pr [GeVic]
121 K; D=0.7
1.1 .
E 11""--.,_‘_\_\’—‘_ Parton to hadron level correction
| o bt ettty
R R | Monte Carlo modeling uncertainties
0% 200 200 600

p:"-—' [GeVic]
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Data / NLO pQCD

)
IIIIIIIII

_____

]
IIIIIIIII

Ratio to CTEQ6.1M

, I L | 1 L ) -_l- -- -_-I i 1 i I L
200 400 600
pfr [GeV/c]

—=— CDFdata (L=1.0fb")
Systematic uncertainties

------- PDF uncertainties

....... pzzxuuzmaxpr

- MRST2004
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K Jets vs. D

i —=— CDFdata(L=1.0f5") |«
— — 8 . o — =
"II:T = l Systematic uncertainties B i
= L B
2 F % —e— NLO: JETRAD CTEQ6.AM [ !o*
g,_ 10 ﬂ_ corrected to hadron level — -
= B i Vi
'E | E‘S.,. Hgp =Hp =Max p#ET"IEZ"Ln | .y
—_ _ e B £
|.|_J \"'.é‘ ---- PDF uncertainties g
'-'n_l— " Saey N \-*‘:*
O 104 o y *
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& [ e - R
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% | I
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e .l i
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S 1
a
0.5
15 B Parton to hadron level correction B
o [ 1.4
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Q u 5
S R
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dy (pb/(GeV/c))

d’s/dp

Inclusive Jet Production
with Midpoint

T

105; D@ Run Il preliminary
104 o v |<0.4(x10)
103%— 'S 04 = |y]et| = 08
102F
10E 5 -1.96 TeV
1E =091
10_12_ Regne = 0.7
NLO pQCD
102 plus threshold corrections (2-loop)
Hadronization corrections applied
-3
107¢ CTEQ6.1M p_=u_=p._
10'4 L Lo L |
50 100 200 300

P, (GeV/c)

Compared to NLO pQCD + 2-loop Threshold
Corrections (N. Kidonakis, J.F. Owens)

N
o

= Nwo m_.=p, CTEQ6.IM R, =07
E L Hadromzanon corrections applied
:: 2 __ with threshold corrections (2-loop)
E ro———=- PDF uncertainty
.E : —————— without threshold corrections (2-loop)
1.5 y
[ aee ; {
L o S—— -
0.5 D@ Run Il preliminary
B |w|<04| L=09fb’
i |||IIII|IIII|IIII|IIII
q) 100 200 300 400 500 600 70O
P p. (GeV/c)
-, 2.5
S i NLO ]_L _=p. CTEQB6.1M H| cone = 0-7
E L Hadronizanon corrections applied
: __ with threshold corrections (2-loop)
5 2 -o————- PDF uncertainty
g : — o= withaout threshaold corrections (2-loop)
1.50- .
B -“"“-.;.....-
1__ ? ~ s = -_ -—l - — = — = -
LT %
L }" -¥
0.5 D@ Run Il preliminary
3|04<w|<08| L=0.9fb"
i ||II|IIII|IIII|II
q) ‘IDD 200 300 400 500 600
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Data / Theory

Dijet Production =10 .
~ - Midpoint, R=0.7, [y %|<1, L. = 1.13 fb”
o 3 int
; 10 E o —e— Data
. . 3 mz: L — & NLO:NLOJET++, CTEQB.1M
® MIdeInt R — 0.7 = g L corrected to hadron level
-g_ 10E- 'i* u=pl*"(jet1,2)/2, R__=1.3
—_ |y]ET1,% < 1 — g R [ ] systematic uncertainties
= 1 e
—L=1.1fbt ATl s
o F ™ .
o 10'2%— .
3 10"’; +_._
[ Midpoint, R=0.7, [y""?|<1, L, = 1.13 fb” 104 - .
- —e— Data/NLO (CTEQ6.1M, p=pT™"(jet1,2)/2=p,, R,,,~1.3) E .
25__ |:| Systematic uncertainties 10-55‘ CDF Run I1 l:'l'e“l'l'lil'lilr}f _T
B PDF uncertainty from CTEQ 10-5:. R SN SIS NS NS RSN S S T AN TN NS SR N
IRRENETTIERPrE o(MRST2004) / 6(CTEQB.1M) 200 400 600 800 1000 1200 1400
2/~ o2 x 1) / oluy) M" [GeWcﬁ
s o(without R_} / o(R_,.=1.3)
1.5 e Consistent with NLO pQCD
i — Experimental uncertainties
1~ comparable to PDF ones
: » Sensitive to New Physics
0.5~  CDF Run II Preliminary _
i 16 % luminosity uncertainty not included o Heavy resonances’ CompOSIteneSS

P T T S T S NS S T RS T S S S T RS A _1imi .
200 400 600 800 1000 1200 1400 Limits being worked out...

M, [GeV/c']
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Beauty Production

ﬂ
hw

i
:AM

L O: Flavor creation

q Q
—~
3 PDF dependence:
Iy time evolution  ~ NOW,
— 26— 5
V : 8 ®
; :< 1994 =) %
c\)__/ 40— ( ; i i i
i Bl ||| e
EE 1 I o E g ST :
S E £ é 6 54
ik T @ Defautt =
A E E E E ®xh = 0,228 GeV |
pp Vs=196TeV Time -

Q

NLO: Flavor excitation

NLO: Gluon splitting

Jetcone— T E
b-tagging based on —7

secondary vertices
reconstructed from
displaced tracks ,_ . / | 4

|nS|de Jets outside jet lé-’
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bb dijet production

e Sensitive to the different
production mechanisms

— Flavor creation at highg

— Flavor excitation or gluon splitting
at lowA@

« SVT (Secondary Vertex Tagging)
used atriggerand offline levels

CDF Run Il Preliminary

5 T
3 10° :ﬁ’m%gg —=— Data - Syst. uncertainty %
S F H —&— Pythia (CTEQSL) Tune A a
- I R Herwig (CTEQSL) + Jimmy =
C e MC@NLO (CTEQEM) + Ji 3
- —— —— + Jimmy —
o ~ g
T | =
LT == 3
T 1B —l— %
3 ¥
- e
10"E _ = i
£ JetCIU Ry =0.4, [nf<1.2 !
F E;>35 GeV, E_>32 GeV
i \IE 1.96 Tev|L~2an pb| | 1
1n— |||||||||||||| I L L L | L L I L L L I L L L I L
205080 100 120 40160 180 200220

Leading jet ET (GeV)
Réqis Lefevre, Jet Physics - Physics In Collisionnégy,

CDF Run |l Prellmlnary

-4 B
c
O B —&— 2 SVT-tag jets sample
5 B
- B Total fit
E BOO —
E B
E sool- % bb contribution
i —i— / non-bb contribution
400
200 //
: //////"-7-
Oy 4 7 8. 9 10

Sum of 2 jets sec. vertex inv. mass (GeV/c?)

Purity ~ 85 % extracted from data
using shape of secondary vertex mass

CDF Run Il Preliminary
E —=— Data - Syst. uncertainty i
- = Pythia (CTEQS5L) Tune A £
- Herwig (CTEQ5L) + Jimmy E il
L —=— MC@NLO (CTEQEM) + Jimmy o
10° - = =
- ——
——
;T_.:bi:e::=é=|—u—|
0°E : JetClu R, ,=0.4, h|<1.2
% i E;>35 GeV, E_,>32 GeV
B \s = 1.96 TeV, L~260 pb™
L L L L I L L I L L L L I L L L L I L L L L | L L L L | L
0 0.5 1 1.5 2 2.5 3
A ¢ (rad)
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Z - bb

N histos_1
r “Entries 909770
. 60000 |
e Challenging due to very large ;
—_— : 50000 f
background (bb and mis-tagger |
40000 |
e Important to establish 20000 |
the b-jet energy scale
— Also to check theM . resolution oo
for IOW maSS nggs SearCheS O: ====i§i§§$i==::=:::=;;;;;;:::=:::=::=
. m,, (GeV)
CDF Run Il Preliminary]L=584 pb” l w
N‘% O . o "\, oo 300 D@ Run Il Preliminary
g 10000:Sit§:i:iround / D.. giﬂoé 250 ;— Integral 1168 events
g - AL 3 x? / ndf 9.75/9
4] - £ ® 100F- 200
‘q&J 8000 — 1 of 150 ] Constant 226.3 + 42.2
i - ¢ , L : Mean  81.02+2.23
e % Thbssewwwds Of Sigma  10.73::2.09
4000__ i “ o : ‘_.:'._,_ 0 : | +JJ\ i 4) Al Py Q& 506000260
. 7 7. " i | +T T?¢ ?'M¢ o oY
2000 — 50 F %
R oo} § L =300 pbr
0 20 40 60 80 100 120 140 160 180 EDD L -5|0 L1 -160- Lo -15|0| L |2(|)0 L 250 L 300
My ieliee) Moy (GeV)
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v + b-jet
* Probes heavy-gquark PDFs

e Background for SUSY (light stop) -

« Experimentally difficult because of
large background from® decays

........................... .o

. A .

N

Pr eshower 7~ \
Shower-M ax

AR(j49)0.7. In(v)I<1.1, h()I<1.5, E(j)>20 GeV

CDF Run Il Preliminary

S
= un Il preliminar :E';_ - 7 ° atall ~ !
Ie) —— Pythia MC ﬁn 3:_ = - Pythia CTEQ5L
& 7 . : ‘:|~ Herwig CTEQSL
ur 4 + SVT+y dataset v 250 L _
= | £ gf Inclusivey dataset
-_GQ—Jw- i T <H>+ photon its;— %
T o f i %*
= - b-quark ; - 26
o) B 0.5:— ‘
gluon ey . .
30 40 50 60 70
Y S S —— Photon Et (GeV)
20 [ 40 60 80 : -
/ Photon E; (Gov) = Working on comparison to NLO
Lower EY thresholds to 12 GeV (based on JETPHOX)
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Directy Production

 Precision test of pQCD
— Well known coupling to quarks (QED)
— QCD Compton dominates forp< 120 GeV

q g q Y
« Constrains gluon PDF (?) \/\a j;::"
| Y g g

qﬁquy
g q g q

Compton Scattering

el

£ o % 3 e data
g:z; Egﬂ po” ! g 0 EL ' — ELTO QCD D@ QQ Annihilation
o - _ = 102;— (MR =Hp=HL=p¥) . . . )
°‘7§_ 5 CTEQS 1M Leading Order Processes Yielding Direct Photons
os| g 10}
0af 5L > [
g o L o [ L =380 pb’
Z:: . E):tracted purity ! g If—:, 1.4 - Dg
g | 07 s
00 50 100 150 200 250 300 8 1.2~ 4--
p! (GeV) 107 _ E LH -------------------------------- }L ____________________
109 1 -“ l J[ ] _
Phys. Lett. B 639, 0 50 100 150 200 250 300 . T_i“’li. ________ .j[ ___________________
1 (GeV B EmE F il
151 (2006) e e TINITET L
.. 6|~ —=— ratio of data to theory
* Very promising at the 1-2 fhlevel oL CTEs.1M POF uncertanty
L ] Lo scale depende?ce ;
— But PDF sensitivity would also requires 040 (neuen=0Sprand2o)
Improved theory (resummation / NNLO) A& o 15 e 2 dW

p; (GeV)
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y+Jets

DY Runll Preliminary

 Central isolated photon
—pY>30GeV ,}j) <0.8

= o DO data o Leading jet: 57> 15 GeV
© s Dwenrramncoss
'8_102 A Rigigﬂ sﬁzinjgcl,njetir} EC, SS — Central: thETl <0.8
~ A Region 4: yin CC, jet in EC, OS
- \ NLO QCD — or Forward: 1.5 <PET] < 2.5
5 °F 4 CTEQ 6M, i =pTH(y") :
?:g. 1 d‘i:;\. """ Region 1 ¢ 4 reg|0ns
ny —v -
) Z‘-ﬁ;’n..\.,i ----- hegor — CC or CF events of 2 kinds
5 10° B « SS (Same SignshyxnET> 0
) \i 8.
© 102 Ty W « OS (Opposite Signshyxn’eT< 0
1072 I L=111fb" I ﬁﬁ-\\\\ ‘n;. o D@ Run Il Preliminary
1 0-4 L1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | | I I | | L1 1 1 | I 15_ - o ::i.—: _‘:_7:__7 , : ». -
0 50 100 150 200 250 300 5 S
p}l(' (GeV) 0.7F
0.6;_
%, Data compared to NLO pQCD ob
. 0.3E — main fit
— JETPHOX with CTEQ6.1M PDFs 025 Region1 — S‘;:i:‘é?i‘;i
and BFG Fragmentation Functions g TR IORA rer ol

0o 20 20 60 80 100 120 140 160 180 200 220 240
p' (GeV)
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A\

Data / Theory

Data / Theory

y+Jets: Data / Theory

D@ Run Il Preliminary

1 6:_ Lint =1.1 fb'1 ® ratio of data to theory
- theor. scale dependence
1.4 C p; dependent uncertainty
1.2
i ]
T ———
B o . . o
B } -
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C i
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PromptyyProduction I E

DIPHOX with & w/o
NNLO gg-diagram

S
DIPHOX (—)
— NLO promptyy, NLO fragmentation e [P
— NNLO gg- yybox diagram e =
* ResBos {-- ) Swp i
— NLO promptyy, LO fragmentation - ‘7 B> 14 GeV, E%> 13 Gev T
— Resummed initial state gluon radiation 3./ | <08 E
 PYTHIA (- ) scaled by factor 2 / ,,,,,,,,
10 20 30 40 MYS{(}GeV?g ) 70 80 90 100
Res.initial-statja NLO fragm. S A
gluon (ResBos)m . (DIPHOX)
- E'>14GeV, E’ > 13 GeV
3 © W™2<0.9
8 - j
E E E}1>14G;eV,E’r2>13GeV ’/‘/- 107 -~ '(;is'/ 1' S FE B—— iR
102 M"*1<0.9 g i A$, (rad)
st s & Important for Higgs search at the LHC
qr (GeV/c)
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QCD & New Physics

() SUSY In MISSIng EF + Jets Channel o 1 SUSY and Background Cross-Sections

1|:|1-I5|

- D mste 2 TeV
,..—r Missing E; o Bottom
q ~~q L

1u“10_8

108

Multiple o wiz

o > jets :E“ 103‘ susy
10 v TDE squarks
sleptons
|

A

1g?

gy 1
; q < 10 ?
_' MISSIng E-I- 10
>

° BaCkg FOUHdS %1032_ CDF Runl Il Preliminirlz,:ata pe—
—Z - W+ 3jets S B aco
_ ~10° Elw, z, ww + tt + QCD
—W - ev+ 2/3jets 2 F e 2 e
—W 5 v+ 2jets « g
— QCD, Top, WW... L '
= Good understanding of
1 50
Boson+Jets is mandatory £ [GoV]
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Towards SUSY at the LHC

7 LHC FPoint S
10 E T T T [ T T T T [ T T T 1 T 1T T3
of 1999 TDRE
10 E- :
= oF .
O 10 |
= = =
E 10 7]
E 10 E =
i = =
2 f -
=% F E
o =
o E E
10_135 ! ]

] A000

H, +E, (GeV)

2005 Evaluation

New W/Z+Jets programs predict
much harder jet{spectrums than
Pythia which was previously used

= Dramatically changes the picture "o s o a0 20 200 s & G

1999 ATLAS TDR

Preliminary MC studies suggested
very good SUSY discovery potential
In the Missing E + Jets channel

2005 Evaluation

—
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iy il e g o '
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W+Jets Production

* Test Ground for Matrix Element “ < W <

+ Parton Shower (ME+PS) technique ~~ [, N

— Special matching (MLM, CKKW) Qe Qe
to avoid double counting N N

_ ... +PS
e Background of top, Higgs, SUSY...

/g CDF Run |l Preliminary
== |I T L L I B B B

= L L AL L =
‘W - ev + Jets E 1 —+— CDF IIJ.dL= 320 pb” 3
— Run | cone based algorithm (JetCl. "* = %, hadron level; no UE correction =
. _ [ ondio T e MLM (Alpgen + HERWIG) 7
with R=0.4 = 1 = 11'0-3_ h""‘....,m --------- CKKW (Madgraph + PYTHIA) 3
° ETJ ET> 15 Gev é 10'1%—3@ ?-1_ I:;:L"“““ ;rnogel:l&nriggzar::flftciiptl?cﬁ;t:ample —%
oy = et B .
+In¥ET| <2 T :
w = H bt 1 =
P _ _ S 10°=4%et &, I E
 Shapes comparison to different £ "3 L_. i b
Leading Order ME+PS predictic [ & |
] ] ] = ol e by b b b S
— Fair description of the'nE’ET shape S

In the different n-jet multiplicities
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Z+Jets Production

hep-ex/0608052

 Almost background free N 1E .
. A DD, 0.4 fb
— Cross section ~ W+Jets / 10 210" /.., ----- ,
o/ L ee + Jets ﬁE" 10_2; LO ME+PS i:.::.::.::t.‘.:..‘.:.::.i
— Run Il cone based algorithm N F norm. here T
(Midpoint) With R:OIS 10_32_ \; ail:t::m e e E t
* pJET> 20 GeV ;) ET| < 2.5 E ME-PS T
10.45_ .............. PYTHIA S
—L=0.4fb! 3
> 'n}a§ . m 0 1 2 3Multiplicityén jets)
) )
7o) B ] -1
gl D@, 0.4 1 * NLO for Z+1p and Z+2p: MCFM
LY + Data — Well describe measured cross section:
R i :
nE G VS|« LO ME+PS: Madgraph + Pythia
S g S N with CKKW matching
1E i
_1_ o Z+22) - -.Z.JfZlJ — Reproduces the"p’ET shapes
e QA ‘ L * LO generated up to Z+3p
N (additional jets from PS)
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Z+Jets comparison to MC
Pythia Sherpa

data w/stat error th
H D[] RUH" Preliminary m  data wistat & sys emor 'E 03 DO R " P | - :attiw:statgrmr
e 10°E . 1 unll Preliminary | = datawistat & sys eror
o S [ P‘ﬂh!a range stat g y [ Sherpa range stat
Lﬁ i I N e 1 ] Sherpa range stat & sys
10° w 107 _
o F ©
. L w
5 ¢ — z 10
20 40 60 80 100 120 140 160 180 =20 80 B0 100 120 140 160 180
p, 2 jetGev] I P, 2" jot [GeV]
" data wistat emror E D0 Runll Prelimi gagszitz”ﬂr
+ imi B data wistat & sys ermor c un reliminary ®  dala wistal & sys emor
£ DO Runll Preliminary | oo 9 ol I Sherpa range stat
> 102; [ Pythia range stat & sys w E [ Sherpa range stat & sys
wr “ f
[T
l':f 10 = K 10 =
e C 2 C
= - I C
]
- L | 1 1 ! ! ! ! L ! ! C 1 1 L 1 1 1 1
20 80 100 120 20 20 80 80 100 120
p. 3 jet [GeV] P, 3" jet [GeV]

L =0.95fbk Z - ee+Jets = Pythia off for 2dand 3 jet p;

— Midpoint with R=0.5 = Sherpa (based on CKKW) provides
*prET> 15 GeV i BT < 2.5 a good description of the data
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& x BR(Z—>ee) [fb]

Ratioto LO

—
(=]
S

—
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1.8
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14
1.2

Z+Jets at CDF

L=1.1fblZ - ee + Jets
— Midpoint with R=0.7
*pET>30 GeV; |Y¥ET| < 2.1

CDF Run Il Preliminary

L]

—e— Data L=1.1f"
Systematic uncertainties

—-=— NLO MCFM CTEQG.1M
corrected to hadron level
iy = Mg + pi(Z), R,,,=1.3

NLO scale p = 2,

== NLO scale p = p /2

- = = NLO PDF uncertainties

—a— LO MCFM hadron level

(3 ]

Z—ee + jets
66 < M,, < 116 GeVic?
E2 > 25 GeV, [nf] < 1
fal <1 || 1.2<ny| <2.8
e > 30 GeVic, Iy™'| < 2.1
AR(ejet) > 0.7

| |

-

— _m— NLO MCFM

- wio partnnfhadmn corrections
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Data / Theory
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= Good agreement with NLO
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CDF Run Il Preliminary
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—— Data L=1.11fb"

n=2u
mn = g2
- - - PDF uncertainties

Z—ee + jets
66 < M_, < 116 GeVic®

E2 > 25 GeV, Inf] <1

el <1 Il 1.2 <5l <2.8
pe > 30 GeVie, [y™] < 2.1
AR(e,jet) > 0.7

—%

[_| Systematic uncertainties

—=— NLO MCFM CTEQSE.1M
Corrected to hadron level

2 = M2+ p2(Z), R,,=13

— Parton-to-hadron level corrections

\ Systematic uncertainties
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LHC

E-’ 2 E
o

| Inclusive Jet Cross-Section I

o““ —:_— _ Expect few jets above 2 TeV for 0.1%b
w{_Eztlm %0 600 800 1000 1200 1400 ';:hﬁl;;ﬁi? E> FIrSt ReSUItS In 2009 (f))

PT (GeV)
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Outlooks

 HERA Is ending

— Full dataset analyses andresults to come

— Jet measurements at HERA
« Constitute stringent tests of pQCD
* Provide precise measurementsigfand its running
 Allow to better constraint the gluon PDF

e Tevatron will continue to deliver a lot of data 2009

— Jet measurements at the Tevatron
 Are important tests of pQCD in wide ranges oBpd rapidity
* Will help to better constraint the gluon PDF ajhnix
 Allow to test beauty production mechanisms

— Precision tests of pQCD with prompand promptyproductions

* Direct photon production measurements would béfreim improved
theoretical predictions (resummation / NNLO)

— W+Jets and Z+Jets results test the predictionseoMtB+PS MCs
 Validate background estimations in searches for pieysics

Régis Lefevre, Jet Physics - Physics In Collisionnéey, June 2007
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Outlooks

 HERA Is ending

— Full dataset analyses andresults to come
— Jet measurements at HERA

First LHC results in 2009 |.
... anew era

« Constitute stringent tests of pQCD
* Provide precise measurementsigfand its running
 Allow to better constraint the gluon PDF

e Tevatron will continue to deliver a lot of data 2009

— Jet measurements at the Tevatron
 Are important tests of pQCD in wide ranges oBpd rapidity
* Will help to better constraint the gluon PDF ajhnix
 Allow to test beauty production mechanisms

— Precision tests of pQCD with prompand promptyproductions

* Direct photon production measurements would béfreim improved
theoretical predictions (resummation / NNLO)

— W+Jets and Z+Jets results test the predictionseoMtB+PS MCs
 Validate background estimations in searches for pieysics
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Underlying Event

* Everything but the hard scattering process
— Initial state soft radiations
— Beam-beam remnants
— Multiple Parton Interactions (MPI)

Outgoing Parton

PTihard)
nitial-State Badiation

" AntiProton

Proton

Underlying Eveni

e Studied in the transverse region €
— Leading jet sample wing bt/ LRt
— Back-to-back sample
Jet #1 Direction "Transverse” Charged PTsum Density: dPT/dnd¢

2.0

Away Region

CDF Run 2 Preliminary
“Toward-Side™ Jet data corrected to particle level
Transverse

Region

Toward Region

Transverse
Region

"Transverse" PTsum Density (GeVic)

& MidPoint R = 0.7 |n(jet#1) < 2
. . . Charged Particles (|n|<1.0, PT>0.5 GeVic) |
T T T T T T T T

Away Region 0 50 100 150 200 250 300 350 400 450

b —— ¥ PT(jet#1) (GeVic)
n
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Energy Flow Inside Jets

Jet shapes governed by multi-gluon
emission from primary parton

— Test of parton shower models

— Sensitive to underlying event structure

— Sensitive to quark and gluon mixture
In the final state

(Al
JetS jets P (O R } ,| @ DATA
~ — PYTHIA Tune A
> -~ PYTHIA s
0.8 ... PYTHIA (no MPI) *
~ HERWIG
0.6
37 < P < 45 GeV/c
0.4
01<IY*1<0.7
0.2

|
00 0.2 0.4 0.6 0.8 1
r/R
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0.05

Under
event

Phys. Rev. D 71, 112002 (2005)

fragmentation

Jet

Midpoint Algorithm (R=0.7)

@® DATA
—PYTHIA Tune A

---------- PYTHIA (no MPI)
----- HERWIG

0.1<I1Y*1<0.7
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